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Polyurethane (PU) (having at . least 75 of JIS-A hardness) obtained 
by reacting polyesterpolyols (mol.wt. 2500-3500), 1, 4-butanediol and 
d i i socyanates in molar ratio satisfying the equation c/(a+b) is 
1.01-1.10 (I), wherein the polyesterpolyol comprises a diol component 
(mainly 1, 9-nonaned i o I and 3-methyl-l, 5-pentanedioi) and a dicarboxylic 
acid component, and satisfies the equation d/(d+e) is 0.4-0.6 (II). a = 
mol. no. of polyesterdiols; b = mol. no. of 1, 4-butaned io I ; c = moL 
no. of d i i socyanates ; d = mol. fraction of 1, 9-nonaned i o I in total 
diols; e = mol. fraction of 3-methyl-l, 5-pentanediol in total diols. 

Also claimed are (1) (the diisocyanate = 
4, 4' -d i pheny Imethaned i i socyanate; (2) the polyesterpolyols is prepared 
by polycondnsn. of diols and dicarboxylic acids in the presence of a 
Ti-based esterfn. catalyst which is then deactivated; (3) mfg. method 
of a PU moulding by heat-treating the moulded PU at least 60deg. C. 

USE - Product is used to substitute rubber/plastics in wide range 
of appi icat ions, e.g., sheet, film, chain, belt, rolls, caster, binder, 
) car parts, shoe soles, packing material, damping material, elastic 

fibre and adhesives. 

ADVANTAGE - Product excels in all aspects of hardness, heat 
resistance, cold resistance and compression set. By applying a heat 
treatment, performances are much improved. 
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* NOTICES* . ENGL I SH TRASI#||I OF JP ' 556 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

i. This document has been translated by computerSo the translation may not reflect the original precisely. 
a shows the word which can not be translated. 

Ji.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The number b of mols of number [ of this polyester polyol ] a of mols, 1. and 4-butanediol and the 
number c of mols of diisocyanate are the following formula (I) about polyester polyol, 1, and 4-butanediol and 
diisocyanate of molecular weight 2500-3500. 
1.01 <=c/(a+b) <=1.10(I) 

Mole fraction [ of 1 / in / all diol component criteria / it has the diol component and dicarboxylic-acid 
component which are made to react at a rate which carries out ** satisfactory, and are obtained and which it is 
with an JIS-A degrees of hardness of 75 or more polyester system polyurethane. and this polyester polyol 
becomes mainly from 1 and 9-nonane diol component and a 3-methyl-1,5-pentanediol component, and ], and 9- 
nonane diol component / d, and mole fraction e of a 3-methy!-1 ,5-pentanediol component are the 
0.4 <=d/(d^e) <=0.6 (II) 

Polyurethane characterized by carrying out ** satisfactory. 

[Claim 2] Polyurethane according to claim 1 this diisocyanate of whose is 4 and 4 -diphenylmethane 
diisocyanate. 

[Claim 3] Polyurethane according to claim 1 or 2 this polyester polyol of whose is a polyester polyol which this 
titanium system esterrfication catalyst was made to deactivate, and was obtained after carrying out the 
polycondensation of a diol and the dicarboxylic acid to the bottom of existence of a titanium system 
esterification catalyst. 

[Claim 4] The manufacture method of the polyurethane moldings characterized by heat-treating at the 
temperature of 60 degrees C or more after fabricating polyurethane according to claim 1, 2, or 3. 



[Translation done.] 
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* NOTICES * ^ 

Japan Paterrt Office is not responsible for any 
damages caused by the use of this translation. 

-1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2.- **** shows the word which can not be translated. 
3:In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the moldings which consists of the polyurethane and this 
polyurethane which are excellent in thermal resistance, a compression set, and all cold-resistant performances. 
The polyurethane of this invention gives after fabrication the moldings which is excellent in thermal resistance, a 
compression set, and all colcHresistant performances only only leaving it at a room temperature, and a 
performance gives after fabrication the moldings which improved further by heat-treating. 
[0002] 

[Description of the Prior Art] Since thermoplastic polyurethane has many features, such as excelling in high 
elasticity, abrasion resistance, and oil resistance, it attracts attention as alternate material of rubber or plastics, 
and is used so much for a use wide range as a molding material which can apply the usual plastic-molding 
processing method. 
[0003] 

[Problem(s) to be Solved by the Invention] However, among thermoplastic polyurethane, from a heat-resistant a 
good thing being inferior in a compression set or cold resistance, when aiming at expansion of use expansion, f ^ 
thermoplastic polyurethane which reconciled thermal resistance, a compression set. and cold resistance is 
desired. Carrying out a deer, one of the purposes of this invention is to offer the polyurethane which is excellent 
in thermal resistance, a compression set, and all cold-resistant performances. Moreover, other purposes of this 
invention are to offer the manufacture method of a polyurethane moldings of demonstrating many of these 
outstanding performances effectively. 
[0004] 

[Means for Solving the Problem] According to this invention, for one of the above-mentioned purposes, the 
number b of mols of number [ of this polyester polyol ] a of mols, 1, and 4-butanediol and the number c of mols 
of diisocyanate are the following formula (I) about polyester polyol, 1, and 4-butanediol and diisocyanate of 
molecular weight 2500-3500. 
[0005] 

1.01 <=c/(a+b) <=i.ioa) 

[0006] Mole fraction [ of 1 / in / all diol component criteria / it has the diol component and dicarboxylic-acid 
component which are made to react at a rate which carries out ** satisfactory, and are obtained and which it is 
with an JIS-A degrees of hardness of 75 or more polyester system polyurethane, and this polyester polyol 
becomes mainly from 1 and 9-nonane diol component and a 3-methyl-1,5-pentanediol component, and ], and 9- 
nonane diol component / d, and mole fraction e of a 3-methyl-1 ,5-pentanediol component are the 
[0007] 

0.4 <=d/(cH-e) <=0.6 (11) 

[0008] It is attained by offering the polyurethane characterized by carrying out ** satisfactory. Moreover, other 
purposes of this invention are attained after fabricating this polyurethane by offering the manufacture method of 
the polyurethane moldings characterized by heat-treating at the temperature of 60 degrees C or more. 
[0009] The polyester polyol used in this invention mainly consists of a diol component and a dicarboxylic-acid 
component, and this diol component mainly consists of a 1 and 9-nonane diol component and a 3-methyl-l,5- 
pentanediol component. It is important for 1 in this diol component, mole fraction [ of 9-nonane diol component ] 
d, and mole fraction e of a 3— methyl-1,5-pentanediol component to satisfy the above-mentioned formula (II). In 
the cold resistance of polyurethane falling when the value of d/(d+e) is less than 0.4, and exceeding 0.6, thermal 
resistance and the performance of a compression set fall. Moreover, the molecular weight (number average 
molecular weight) of the polyester polyol used in this invention is within the limits of 2500-3500. The thermal 
resistance of the polyurethane obtained as the molecular weight of a polyester polyol is less than 2500, and the 
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performance of a -compression se^^^fe|d on the other hand, in exceedir^^^^^^the moldability, tensile strength, 
arid transparency of the polyurethane^Kained become inadequate. 

[0010] As a dicarboxylic-acid component in the polyester polyol used by this invention, the straight chain 
aliphatic dicarboxylic acid of 6-12 has a desirable carbon number. As an example of this aliphatic dicarboxylic 
acid, an adipic acid, a pimelic acid, a suberic acid, an azelaic acid, a sebacic acid, etc. are mentioned. Moreover, 
although they may be only 1 and 9-nonane diol and 3-methyl-1 ,5-pentanediol, as long as the diol component is 
little, other diols may be additionally used for it. 

[0011] Especially the manufacturing method of a polyester polyol cannot be limited, for example, can use a diol, 
dicarboxylic acids, or those esterification objects as a raw material, and can manufacture them by the well- 
known polycondensation method by the esterification reaction or the ester exchange reaction. In addition, it is 
possible to use esterification catalysts, such as a titanium catalyst and a tin catalyst, in this polycondensation. 
When a titanium system esterification catalyst is used, it is desirable to perform deactivation processing of this 
catalyst included In the obtained polyester polyol after a polycondensation. As deactivation processing, the 
method of contacting a polyester polyol in water under a heating condition is desirable. 
[0012] In this invention, 4 and 4 -diphenylmethane diisocyanate, p-phenylene diisocyanate, toluylene di- 
isocyanate, 1, and 5-naphthylene diisocyanate etc. can be mentioned as usable diisocyanate, for example. Also in 
these, especially 4 and 4 -diphenylmethane diisocyanate is desirable. 

[0013] Although a macromolecule polyol. a chain extension agent, and diisocyanate are made to react and it is 
obtained, in order to secure the outstanding thermal resistance and the outstanding compression set, and a 
cold-resistant performance in this invention, it is important for thermoplastic polyurethane to use 1 and 4- 
butanediol as the above-mentioned polyester polyol and a chain extension agent as a macromolecule polyol, 
respectively, and to set up a polyester polyol, a chain extension agent, and the amount of the relativity used of 
diisocyanate within limits which satisfy the above-mentioned formula ( That is, since the molecular weight of 
polyurethane does not fully increase [ the number b of mols of number / of this polyester polyol / a of mols, 1, 
and 4-butanediol, and the number c of mols of diisocyanate ] after fabrication in the value of c/(a+b) in being 
smaller than 1.01, only a moldings with inadequate thermal resistance and performance of a compression set is 
obtained. On the contrary, when the value of c/(a+b) is larger than 1.10, the moldability of polyurethane becomes 
poor and the thermoplastic feature becomes is hard to be demonstrated. As for the value of c/(a+b), it is 
desirable that it is within the limits of 1.02-1.08. 

[0014] About the method of carrying out the polymerization of polyester polyol, 1, and 4-butanediol and the 
diisocyanate, and manufacturing the polyurethane of this invention, the technology of a well-known urethane- 
ized reaction is employable. Especially it is desirable to carry out a melting polymerization under un-existing [ of 
a solvent ] substantially, and the continuation melting polymerization using a multiaxial screw die pressing 
appearance machine is especially desirable. In addition, it faces manufacturing the polyurethane of this invention, 
and as a macromolecule polyol, a chain extension agent, and diisocyanate, as long as it is little, you may use 
together compounds other than above-mentioned polyester polyol and 1, and 4-butanediol. Moreover, you may 
add suitably additives, such as a coloring agent, lubricant, a crystalline-nucleus agent, a flame retarder. an 
ultraviolet ray absorbent, an antioxidant, a light-fast improvement agent, a hydrolysis inhibitor, and an antifungal 
agent, after polymerization process or a polymerization. 

[0015] In the polyurethane of this invention, in order to secure the outstanding thermal resistance and the 
outstanding compression set. and a cold-resistant performance, it is important that a degree of hardness (JIS-A) 
is 75 or more. 

[0016] the polyurethane of this invention — a logarithm — it is desirable that viscosity (etainh) is in the range of 
0,5 - 2.1 dl/g By considering as this range, the outstanding performance in thermal resistance, a compression 
set, and a moldability becomes much more remarkable, in addition, a logarithm — viscosity can dissolve a sample 
in the N.N-dimethylformamide solution of the n butylamine of 0.05M so that it may become 0.5 g/dl, it can 
measure solution viscosity with a UBBERODE type viscometer at 30 degrees C 24 hours after, and can ask for it 
from the following formula 

[0017] etarel = t/toetainh = In (etarel)/ct : Flowing-down time of a solution (second) 
to : flowing-down time of a solvent (second) 

etarel: Specific viscosity c : Concentration of polyurethane (sample) (g/ dl) 

[0018] The polyurethane of this invention is excellent in thermal resistance, a compression set, and all cold- 
resistant performances. Being able to present fabrication of injection molding etc. with the polyurethane of this 
invention, the moldings obtained demonstrates many performances which were excellent in the above originating 
in the polyurethane of this invention. Furthermore, performances, such as a compression set, turn into 
temperature which is 60 degrees C or more and a moldings does not deform for the obtained moldings after 
fabrication, and a performance which was further excellent by heat-treating especially at the temperature within 
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the limits of 80-1-10 degrees C. T^P^|fep, they are the mold goods whic r^^^ obtained from the former, such 
as .a sheet, a film, a squeegee, a chain^jbelt, a screen, a tube, the cleaning biSe for a copy, an ejection roll, 
various rolfs, a gear, an axle-pin rake, a binder, a solid tire, packing material, autoparts, a sole, sports shoes, 
adhesives, a machine part, a vibroisolating material, a sound deadener, and an elastic fiber, by injection molding 
used for fabrication of polyurethane, extrusion molding, etc. as a concrete use 
[0019] 

[Example] Hereafter, an example explains this invention concretely. In addition, in the example, a degree of 
hardness, thermal resistance, a compression set, and cold resistance were measured by the following methods. 
[0020] h measured with the Shore A hardness meter using the forming sample with a thickness of 6mm obtained 
by [degree-of-hardness] injection molding. 

[0021] The BIKATTO softening temperature was measured using the forming sample with a thickness of 4mm 

obtained by [heat-resistant] injection molding, and it considered as the heat-resistant index. The measuring load 

of a BIKATTO softening temperature set to Ikgf, and was measured according to JIS-K -7206. 

[0022] It measured using the forming sample with a thickness of 20mm obtained by [compression set] injection 

molding by the method (heat treatment conditions : 70 degree-Cx 22 hours) based on JIS-K -6301. 

[0023] The piece of a forming disk blank test with a thickness of 2mm obtained by [cold-resistant] injection 

molding was produced. The dynamic viscoelasticity of this test piece was measured on the frequency of 1 1Hz, 

and the dynamic loss modulus (E") considered as the cold-resistant index in quest of the temperature (Talpha) 

used as a peak. 

[0024] The dumbbell specimen created from the forming disk with a thickness of 2mm obtained by [adding- 
water-proof resolvability] injection molding was left for three weeks under 70 degrees C and 95% of relative 
humidity, the breaking strength of the test piece in it order was measured, and it considered as the index of 
adding-water-proof resolvability in quest of the retention of the intensity after the neglect to the intensity 
before this neglect. 

[0025] The compound used in the example was shown using the cable address. The compound name which a 
cable address means is shown in the following table 1. 
[0026] 
[Table 1] 

^ 

BD : 1, 4-7iSr>'S?7r— .^l/ 

ND : 1, 9~>'~r>^:^:^—JV ^ 

MDI :4, 4'-:i?:?ic— .fl/^^iVi^^-rVi^r^f— h 

[0027] [The example 1 of reference] (manufacture of PNMA- A) 

ND1920g, MPD1416g, and 2920g of adipic acids were taught to the reactor, and the esterification reaction was 
performed under reduced pressure, distilling off the water generated at 200 degrees C out of a system. The 
polycondensatton reaction was started having added tetrapod isopropyl titanate 90mg and decompressing to 200 
- lOOmmHg, when the acid number of a reactant became 30 or less. When the acid number was set to 1.0, the 
degree of vacuum was gradually raised with the vacuum pump, and the reaction was completed. Consequently, 
number average molecular weight 3000 and 5090g of PNMA(s) of ND/MPD=1 / 1 (mole ratio) were obtained (the 
polyester diol obtained here is hereafter called "PNMA-A"). 

[0028] [The example 2 of reference] (deactivation of a titanium system catalyst) 

PNMA-A5000g obtained in the example 1 of reference was heated at 100 degrees C, and 150g (3 % of the 
weight) of water was added to this. Stirring, by continuing heating for further 2 hours, the titanium system 
catalyst was made to deactivate and water was distilled off under reduced pressure (the polyester diol obtained 
by this processing is called "PNMA-B"). 

[0029] Except changing the diol which carries out the [examples 3-7 of reference] use, according to the 

examples 1 and 2 of reference, esterification reaction, polycondensation reaction, and catalyst deactivation 

processing were performed, and the polyester diol was obtained, respectively. The diol component and molecular 

weight (number average molecular weight) of a polyester diol which were obtained are shown in Table 2, 

respectively. 

[0030] 

[Table 2] 
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[0031] MDI which carried out heating fusion should be shown in the following table 3 at PNMA-B and BD which 
were obtained in the example 2 of [example 1] reference, and 50 degrees C. From the metering pump, it taught 
continuously the 2 shaft screw die pressing appearance machine which rotates in the direction of the same axle 
of ratio-of-length-to-diameter=36 by 30mmphi, and continuation melting polymerization reaction was performed 
at the temperature of 260 degrees C so that it might be 1:5.60:6.86 in the mole ratio of PNMA-B:BD:MDI and 
these total amounts might serve as 200 g/min. The melt of the generated thermoplastic polyurethane was 
underwater extruded continuously by the shape of a strand, and, subsequently it cut by the pelletizer, and 
fabricated on the pellet, after carrying out injection molding of this pellet at 200 degrees C after 20-hour 
moisture absorption and drying by 80 degrees C, producing the sample for measurement and leaving it for one 
week at 8 hours or 20 degrees C in 80 degrees C — a logarithm — viscosity, a degree of hardness, thermal 
resistance, a compression set, and cold resistance were measured The obtained result is shown in the following 
table 4. 

[0032] Except adopting the conditions shown in Table 3 as the kind of [examples 2-4] polyester diol, and an 
operating rate of each raw material compound, a polymerization and pelletizing were performed like the example 
1, and the pellet of thermoplastic polyurethane was obtained, respectively. The dryness and injection molding of a 
pellet which were obtained were performed like the example 1, and the physical properties of the sample left for 
one week at 8 hours or 20 degrees C in 80 degrees C were measured. The obtained result is shown in Table 4. 
[0033] Except adopting the conditions shown in Table 3 as the kind of [examples 1-7 of comparison] polyester 
diol, and an operating rate of each raw material compound, a polymerization and pelletizing were performed like 
the example 1, and the pellet of thermoplastic polyurethane was obtained, respectively. The dryness and injection 
molding of a pellet which were obtained were performed like the example 1, and the physical properties of the 
sample left for one week at 8 hours or 20 degrees C in 80 degrees C were measured. The obtained result is 
shown in Table 4. 
[0034] 

[Table 3] 
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[0035] 
[Table 4] 
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[0036] From the above-mentioned table 4, the polyurethane of this invention understands a bird clapper as the 
compression set of a moldings being much more good with heat treatment after excelling in thermal resistance, a 
compression set, and all cold-resistant performances, and fabrication (examples 1-4). On the other hand, with 
the polyurethane which is different from this invention in the molecular weight of the diol component of a 
polyester diol, and a polyester diol, or the amount of the relativity used of a polyurethane raw material compound, 
it turns out that at least one performance is poor thermal resistance, a compression set, and among cold 
resistance (examples 1-7 of comparison). 
[0037] 

[Effect of the Invention] According to this invention, the high degree-of-hardness polyurethane which is 
excellent in thermal resistance, a compression set, and all cold-resistant performances is offered. The moldings 
which consists of this polyurethane demonstrates the further excellent performance by heat-treating. 



[Translation done.] 
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